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However, polysaccharide study is faced with unprecedented challenges about the quality control problems, 8, 9 such as an accurate determination of monosaccharide composition of polysaccharides, which is the most important step in controlling the quality standard and gives basic information on the polysaccharides.
Therefore, the determination of monosaccharide composition of polysaccharides is an important technique for the biochemistry and pharmaceutical industry.
Since monosaccharides encompass a number of homologues having very similar structures and since many of them exist concurrently in real-life samples, such as polysaccharides, polysaccharopeptide, oligosaccharides, and glycoproteins, monosaccharide analysis inevitably requires high-resolution separation techniques. However, monosaccharides generally have low intrinsic UV spectral activity.
Therefore the derivatization of monosaccharides is indispensable to obtain highly sensitive detection. 10 The reagent 1-phenyl-3-methyl-5-pyrazolone (PMP) is one of the popular labels that react with reducing carbohydrates under mild conditions, requiring no acid catalyst and causing no desialylation and isomerization. PMP derivatives can yield strong UV absorbance at 250 nm. [11] [12] [13] [14] The derivatization method was first developed for the analysis of monosaccharides by HPLC and later successfully applied to capillary electrophoresis. 10, 15 In this study, we challenged this question and tried to develop a PMP precolumn derivatization HPLC method of monosaccharide composition analysis of Angelica polysaccharides.
Experimental

Materials
The roots of Angelica sinensis were purchased from Minxian County, Gansu Province, China in 2002 and identified according to the identification standard of Pharmacopeia of the People's Republic of China. Voucher specimens of the harvested plant materials were deposited at the Department of Pharmacology, the Fourth Military Medical University, China. HPLC grade methanol was used for HPLC analysis. 
Isolation and purification of APF
APF was isolated and purified as described previously. 8 Briefly, the dried roots of Angelica sinensis were defatted with alcohol and then extracted with boiling distilled water. The mixed extracts were concentrated under a reduced pressure and then centrifuged at 3000 rpm for 15 min. The supernatant was collected, precipitated by alcohol and centrifugated to give polysaccharide pellets. The pellet was redissolved in distilled water completely and intensively dialyzed against distilled water. The remained portion was concentrated, deproteinated by repeated freeze/thaw method and lyophilized to give the crude Angelica polysaccharides. The crude polysaccharides was further purified by Sephacryl S-400 gel chromatography into three different fractions according to their molecular sizes, named APF1, APF2 and APF3.
Hydrolysis of APF
Each APF sample (2.0 mg) was dissolved in 2 mL of 4 M TFA in an ampoule (5 mL). The ampoule was sealed under a nitrogen atmosphere and kept in an oil bath at 110˚C for 8 h. After being cooled to room temperature, the reaction mixture was centrifugated at 1000 rpm for 5 min. The supernatant was collected and neutralized to about pH 7.0 with 0.3 M NaOH. Experimental results showed that, under these hydrolysis conditions, uronic acids and neutral saccharides were completely released with no degradation. The hydrolyzed sample solutions was ready for the following experiments.
Preparation of PMP derivatives of monosaccharides
PMP derivatization of monosaccharides was carried out as described by Honda et al. 10 Briefly, nine monosaccharide standards or the hydrolyzed samples of APF were dissolved in 0.3 M aqueous NaOH (50 µL) and a 0.5 M methanol solution (50 µL) of PMP was added to each. Fuc as an internal standard was added to each sample before the derivatization. Since PMP was neutralized with NaOH, the resultant solution was almost neutral. Each mixture was allowed to react for 30 min at 70˚C, then cooled to room temperature and neutralized with 50 µL of 0.3 M HCl. The resulting solution was dissolved in chloroform (1 mL). After vigorous shaking and centrifuging, the organic phase (under aqueous layer) was carefully discarded to remove the excess reagents. The extraction process was repeated three times; then the aqueous layer was filtered through a 0.45 µm membrane and diluted with water (150 µL) before HPLC analysis. The concentration of samples prior to injection into an HPLC system was about 0.5 mg/mL.
HPLC analysis
The analysis of PMP-labeled monosaccharides was carried out on the Agilent 1100 HPLC system (Agilent Technologies, Wilmington, USA) equipped with an Agilent four-unit pump (CA, USA), a 7125 injector (CA, USA) and a G1314A UV detector. The analytical column used was a Zorbax Extend-C18 column (4.6 cm i.d. × 250, 5 µm, Agilent, USA). The wavelength for UV detection was 250 nm. Elution was carried out at a flow rate of 1.0 mL/min at room temperature. The mobile phase consisted of 50 mM sodium phosphate (pH 6.9) with (A) 15% and (B) 40% acetonitrile, using a gradient elution of 0 -8 -20% buffer B by a linear increase from 0 -10 -30 min.
Data analysis method
A known amount of Fuc was added to the samples before hydrolysis or derivatization. The following was the principle of data analysis. The correction factor is shown in the equation: fi/s = (Wi/Ws)/(Ai/As), where AS and Ai are the integration value of peak area for Fuc and a component monosaccharide of tested samples, respectively. WS and Wi are the values of weights for Fuc and for a component monosaccharide of tested samples, respectively. The molar ratio value is shown in the equation: Ri/s = fi/s × (Ai/As)/M, where Ai/AS is the ratio value of peak area for the component monosaccharide of tested samples and Fuc. fi/s is correction factor. M is the molecular weight of the monosaccharides.
Results and Discussion
Optimization of separation of PMP derivatives
The HPLC separation of nine standard monosaccharides derivatized with PMP was investigated by changing pH values and acetonitrile concentration of mobile phase; the optimized conditions were thus established for the monosaccharide composition analysis of APF. Figure 1 shows the effect of acetonitrile concentration on the retention and separation of the nine PMP derivatives of standard monosaccharides at pH 6.9 of phosphate buffer. It was found that an increase in acetonitrile concentration accelerated the elution of all these derivatives, but resulted in baseline shift and deteriorated peak shapes. However, the change in acetonitrile concentration could not alter the elution order. In contrast, a decrease in acetonitrile concentration could prolong the retention times and enhance the separation of monosaccharide derivatives, especially the derivatives of Gal, Xyl and Ara (peak 7, 8, 9). But too low acetonitrile concentrations gave a tail peak and long retention times.
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ANALYTICAL SCIENCES OCTOBER 2005, VOL. 21 At the same time, the effects of pH of mobile phase on the separation parameters of the nine standard monosaccharides derivatized with PMP are shown in Fig. 2 . Under our experimental conditions, a decrease of pH in 50 mM phosphate buffer prolonged the retention time of PMP-labeled monosaccharides. The variation of pH significantly influenced the separation. For example, the PMP derivatives of Gal and Xyl (peak 7, 8) were not separated at pH 7.5 and gave only a single peak (higher peak heights), but the separation of two derivatives could be seen at pH 7.2 and better separation was observed at pH 6.9. While the pH value further decreased to 6.5, the PMP derivatives Xyl and Ara (peak 8, 9) were not separated completely.
From the optimized results mentioned above, it was demonstrated that pH 6.9 of phosphate buffer and acetonitrile concentration in a gradient of 0 -8 -20% buffer B at 0 -10 -30 min gave a better separation of monosaccharide derivatives. Although analysis was not so rapid, PMP-labeled monosaccharides were basically baseline-separated from each other under the conditions. The excess amount of PMP reagent did not interfere with the separation, because it migrated the fastest and was well isolated from the peaks of monosaccharide derivatives. At the same time, mesityl oxide compound (oxide of PMP) 15 also did not interfere with the separation because it migrated the slowest and was well isolated from the peaks of monosaccharide derivatives. The migration times were in the order of PMP, Man, Rha, GlcUA, GalUA, Glc, Gal, Xyl, Ara, Fuc, Mesityl oxide. Therefore, the most efficient separation of the PMP derivatives of monosaccharides was well achieved by this method. With this method, good reproducibility could be obtained and the detection limit was below 1.8 ng.
Simplification of sample preparation method
In our experiments, the optimized preparation methods for the PMP derivatives of the component monosaccharides were developed. It was found that the whole drying processes of the hydrolysis samples of polysaccharides and PMP-derivatization samples of monosaccharides could be omitted.
This drying step of hydrolysis samples of APF was used to remove TFA reagent, which affected the derivatization of monosaccharides. But this step made the hydrolysis procedure complicated and resulted in the loss of some acid hydrolysates of polysaccharides. In our method, instead, the hydrolyzed mixture was collected and directly neutralized to about pH 7.0 with 0.3 M NaOH for use as the sample solution; then the sample solution was derivatized with PMP. After the PMP-derivatized solution was extracted by chloroform, the aqueous layer was filtered and diluted with water for HPLC analysis. At the same time, the PMP reagent did not interfere with the separation because PMP migrated the fastest and was well isolated from monosaccharide derivatives in our study. Therefore, the drying process of the PMP-derivatization samples could also be omitted, since the drying of the PMP derivatives of monosaccharides was used to remove the excess amount of PMP reagent. The simplification did not influence the analytical results because there were no significant changes in peak area ratio of monosaccharide derivatives, which demonstrated that the simplified method was satisfactory (data not shown).
The features of this simplified method were as follows: sample preparation was simplified and thus the sugar loss in the drying process was avoided. With the simplification, two-thirds of the preparation time was saved without influencing the analytical results. This method was quite suitable for the routine analysis of Angelica polysaccharides.
Composition analysis of APF samples
Monosaccharide composition analysis of APF was performed by the method described in the experimental section. APF were hydrolyzed with 4 M TFA for 8 h; then the acid hydrolysates were directly neutralized and derivatized with PMP. Fuc was used as an internal standard. The reaction mixture was analyzed by HPLC system described above; the chromatogram is shown in Fig. 3 . The presence of PMP-labeled monosaccharide peaks of Man, Rha, GlcUA, GalUA, Glc, Gal, Xyl, and Ara were confirmed by comparison with standard chromatograms (Fig.  3a) . The apparent peak heights for GalUA and Ara in the chromatogram demonstrated that Angelica polysaccharides were mainly composed of GalUA and Ara. At the same time, although the peaks corresponding to Man and Rha were far smaller than the major peaks, they were also observable, suggesting that Angelica polysaccharides also contained a small quantity of Man and Rha.
The determination results of monosaccharide composition of APF are shown in Table 1 polysaccharides mainly resulted from GalUA. The content of Man was the lowest in the neutral saccharides of APF2 and APF3, especially when Man was not found in APF1. With this method, the within-day and day-to-day precisions of the composition determinations were 3.41 -4.87% and 3.12 -4.93% (RSD), respectively. The composition analysis results of APF obtained by this method were consistent with the value obtained by GC. 9 This method was successfully applied to the monosaccharide composition analysis of Angelica polysaccharides.
Monosaccharide composition analysis of polysaccharides has long been performed by gas chromatography (GC), which has many demerits, such as a complicated derivative procedure, isopeaks occurrence, low resolution of sugar and its uronic acid. 9 However, the HPLC method developed in our experiment could overcome the demerits. The PMP precolumn derivatization HPLC method reported here is simple, rapid, convenient and reproducible, and proved to be suitable for HPLC analysis of Angelica polysaccharides. The method can be conveniently employed in biological and biochemical laboratories and many other related fields, and is quite useful for routine analysis of Angelica polysaccharide drugs. 
